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Microsurgical Salvage of Acute Lower Limb
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Acute lower limb ischemia (ALLI) in the pediatric population is rare but may lead to limb loss
and life-long complications. We report the technique and outcomes of microsurgical salvage of
ALLI in a preterm newborn after open reduction of congenital hip dysplasia. A 2-month-old girl
was born premature at week 36 with congenital bilateral hip dysplasia. The initial management
attempted was conservative and entailed placement of bilateral Von Rosen splints. The treat-
ment was successful on the left side, but the patient had recurrent unstable hip dislocation on
the right side. Subsequently, 2 attempts at close reduction under general anesthesia were
done and both were unsuccessful in maintaining the right hip in the acetabulum. Therefore,
an open reduction of the right hip was planned through a medial/obturator approach. During
the surgical procedure, the neurovascular femoral bundle (including the superficial femoral ar-
tery [SFA], femoral vein [FV], and femoral nerve) was accidently transected with subsequent
development of ALLI. Therefore, the FV was harvested distally to the injury site and a 4-cm
long healthy segment was obtained. It was reversed, flushed with heparin, spatulated at
both extremities, and interposed to the SFA in end-to-end fashion using two 9/0 polypropylene
interrupted sutures under microscope. Reperfusion of the limb was noted immediately after
releasing the vascular clamps. The final ischemia time at completion of the surgical procedure
was 6 hr. Thereby, prophylactic 4-compartment fasciotomies were performed in the right leg.
The patient tolerated the procedure well and the postoperative clinical course was free from
adverse events. Duplex ultrasound examination at 6 weeks after the intervention confirmed
sustained clinical success and showed no signs of venous thromboembolism. At the same
time, X-ray examination of the right hip confirmed adequate and stable reduction of the joint
in the acetabulum. ALLI due to accidental arterial injury during orthopedic surgical procedures
for congenital defects in newborns is a rare but potentially devastating complication. Microsur-
gical salvage is a safe, feasible, and effective option to restore limb flow. Multidisciplinary
expertise and meticulous technique are mandatory in order to achieve satisfactory and durable
outcomes.
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Fig. 1. Computed tomography angiography with 3-

dimensional volume reconstruction showing wide dislo-

cation of the right hip from the acetabulum (red arrow)

after 2 unsuccessful attempts at close reduction.

Fig. 2. Schematic drawing showing the complete tran-

section of the right neurovascular femoral bundle (left

box). Reconstruction was made using the femoral vein

and the saphenous nerve as interposition grafts for the

superficial femoral artery and femoral nerve, respectively

(right box).
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Acute lower limb ischemia (ALLI) in the pediatric

population is rare but may lead to limb loss and

life-long complications. Iatrogenic injury from

vessel catheterization is the most frequent cause of

ALLI in infants and children; in contrast with adults,

it can bemanaged nonoperatively with anticoagula-

tion alone likely because of the greater ability to

develop arterial collaterals.1,2 Current clinical prac-

tice guidelines recommend that, for infants and chil-

dren younger than 2 years of age with ALLI, initial

conservative management with heparin is recom-

mended (level of evidence: 1C).3 However, persis-

tent iliofemoral thrombosis is a risk factor for limb

length discrepancy with growth.4 Furthermore,

contemporary series demonstrate that, when

needed, surgical revascularization in pediatric pa-

tients may achieve excellent immediate as well as

long-term outcomes.5,6 Herein we report the tech-

nique and outcomes of microsurgical salvage of

ALLI in a preterm newborn after open reduction of

congenital hip dysplasia. Both parents expressed

written informed consent to writing of the case

and thereby authorized reproduction of anony-

mized pictures.
CASE REPORT

The patient was a 36-week premature girl (length 45 cm,

weight 5.5 kg) who was born premature with congenital

bilateral hip dysplasia. She was otherwise healthy but

had a positive family background of skeletal dysplastic dis-

orders in the lower extremities.

Upon time of birth, ultrasound examination showed

bilateral Graf type IV developmental hip dysplasia (i.e.,

complete dislocation). The hips were reduced and posi-

tioned in an abduction brace (vonRosen splint). The treat-

ment was successful on the left side, but the patient’s right
hip could not be held in stable reduction. Subsequently,

an arthrogram was performed, the hip manually reduced,

and a Spica cast applied under general anesthesia. Howev-

er, despite 2 attempts the hip could not be held in place

and dislocated posteriorly (Fig. 1). Owing to failure of

multiple attempts at nonsurgical management of the hip

dislocation, an open reduction of the right hip was

planned. The operative plan entailed capsulorrhaphy

through an ilioinguinal approachwith concomitant tenot-

omy of the long adductor and iliopsoas muscle via a sepa-

rate medial incision.

Open reduction of the right hip was undertaken when

the patient was 2 months old. During the surgical proced-

ure, the neurovascular femoral bundle (including the su-

perficial femoral artery [SFA], femoral vein [FV], and

femoral nerve [FN]) was accidently transectedwith subse-

quent development of ALLI (Fig. 2). The traumatism

occurredwhile performing tenotomy of the iliopsoasmus-

cle, during which a bleeding vessel was confronted and

ligated over mosquito clamps. The maneuver resulted in

the leg becoming mottled, with complete loss of all

Doppler signals from the knee down to the foot. The

vascular surgeon on call was consulted and felt that,

owing to the extremely small caliber of the anatomical

structures involved (SFA diameter around 1.5 mm),

reconstructive microsurgical competence was required.

After further dissection of the neurovascular femoral

bundle and securing of healthy vascular stumps for the

anastomosis the final resulting defect was 3-cm long.

This was with the patient with the hip maintained

abducted in order to hold the position in the acetabulum.

Given the relatively long arterial defect, direct end-to-end

reconstruction was deemed an unfeasible choice. The nat-

ural choice for a vein graft in this case would be the use of

the ipsilateral great saphenous vein (GSV); however,

there was observed a substantial caliber discrepancy



Fig. 3. Intraoperative images showing the final reconstruction of the superficial femoral artery (left box) and the

femoral nerve (right box).

Fig. 4. After the neurovascular reconstruction was

completed, 4-compartment fasciotomies of the right

lower limb were performed (left box). A splint was then

put to secure both hips into a stable position (right box).
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between the GSV and the SFA (1:3) in this case, making it

not an optimal choice due to the high risk of thrombosis.

After exploration of the distal FV, it was noted that the

vessel was of a similar caliber to the SFA. Therefore, the

FV was harvested distally to the injury site and a 4-cm

long healthy segment was obtained. It was reversed,

flushed with heparin, spatulated at both extremities, and

interposed to the SFA in end-to-end fashionwith 9/0 poly-

propylene simple interrupted sutures using an operating

microscope (Leica Microsystems M720 OH5). A bolus of

intravenous heparin (100 units) was administered, but

no systemic administration of medications against arterial

spasm was given. However, after completion of the anas-

tomoses, the vascular reconstruction was irrigated with

1 mL of papaverine solution (40 mg/mL). The FN was

also reconstructed with 2 cable nerve grafts obtained

from the saphenous nerve at the thigh using the same sur-

gical incision and sutured with 9/0 polypropylene simple

interrupted sutures that were sealed with fibrin glue

(Fig. 3). The FV was left unreconstructed. Reperfusion of

the limb was noted immediately after releasing the

vascular clamps. The final ischemia time at completion

of the surgical procedure was 6 hr. Thereby, prophylactic

4-compartment fasciotomywas performed in the right leg.

The patient was then positioned in a Spica cast tomaintain

both hips in place (Fig. 4).

The patient tolerated the procedure well and the

postoperative clinical course was free from major

adverse events. Low molecular weight heparin (Frag-

min�) was administrated subcutaneously, with an

equivalent dose of 100 units/kg/day. This anticoagula-

tion regimen was maintained throughout the hospitali-

zation with close monitoring of coagulation Factor Xa

levels and for 1 month after the operation. Mild

swelling developed in the right lower extremity which

persisted for several days but eventually resolved within

2 weeks without additional treatment (Fig. 5). All surgi-

cal incisions healed completely, and the patient was dis-

charged from the hospital on postoperative day 16.

Duplex ultrasound examination at 6 weeks after the

intervention confirmed sustained clinical success and
showed no signs of venous thromboembolism. At the

same time, X-ray examination of the right hip

confirmed adequate and stable reduction of the joint

in the acetabulum. At the last clinical follow-up avail-

able (6 months postoperatively), no signs of recurrent

ischemia of the right leg were noted and the patient

was following a normal growth chart as expected. Clin-

ically, no swelling of the limb was noted and good acti-

vation of the quadriceps muscle with full knee

extension was present.



Fig. 5. At 2 weeks postoperatively, the right lower limb

was well perfused with residual mild swelling. All surgi-

cal incisions were completely healed.
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DISCUSSION

Surgical reduction of congenital hip dislocation is

technically challenging and usually reserved for

those patients who have failed nonoperative treat-

ment, which is the first-line strategy. The 2 most

common complications that can occur after surgical

reduction of hip dislocation are recurrent disloca-

tion of the joint and avascular necrosis of the

femoral epiphysis.7 Inadvertent femoral injury dur-

ing the surgical procedure is an extremely rare,

although possible, event. In the case presented

above, the iatrogenic damage resulted in complete

transection of the entire neurovascular femoral

bundle. This was effectively rescued during the

same operation using microvascular techniques.

Microsurgical salvage rescue resulted in effective

restoration of vascular and neurologic function,

with clinical evidence of good limb perfusion and

recovered muscular function at 6-month follow-

up after the operation.

Although anticoagulation alone appears to be a

relatively safe early strategy in the majority of cases

(allowing partial or complete resolution of

thrombus, development of collaterals, and recovery

of limb perfusion at the price of a small risk of

bleeding complications),8e11 long-term outcomes

of conservative management have also been evalu-

ated, suggesting that up to 15% of infants with ALLI

will experience either intermittent claudication or

impaired growth resulting in limb discrepan-

cy.1,12e14 Indeed, conservative management with

systemic heparinization has been the mainstay of
ALLI treatment in children but is mostly based on

expert opinion and small case series, as literature is

scarce and there are no randomized controlled trials

allowing for direct head-to-head comparison of con-

servative management versus intervention in the

pediatric population. In the presented case, it was

elected to proceed with immediate surgical revascu-

larization for several reasons. First, since the

damaged vascular structures were already exposed

in the operative field, it was felt unethical to leave

them unrepaired at that time. Furthermore, given

the massive surgical trauma and inherent risk for

postoperative bleeding, a long-term course of anti-

coagulation was deemed to expose the patient to

the potential risk for severe bleeding complications.

Finally, given the preexisting risk for limb discrep-

ancy owing to the underlying orthopedic condition,

the operators elected to perform complete limb

reperfusion in order to allow for optimal growth

conditions after surgery.

Although the principles of revascularization are

the same in both pediatric and adult patients,

some intraoperative factors specific to children are

worth mentioning. Pediatric patients are typically

not finished growing, and any implanted graft

should be able to grow with them. Therefore,

when lower extremity bypass surgery is to be per-

formed in pediatric patients, use of autologous ma-

terial with the potential for remodeling in the long

run must be employed. Synthetic conduit or cryo-

preserved homograft should be employed with

extreme caution because of their known shortcom-

ings including reduced long-term patency, higher

risk of infection, and tendency to degenerate over

time.15,16 Previous series have reported excellent

outcomes with a native reversed saphenous vein

graft in the pediatric population, with minimal graft

dilation or stenosis on long-term follow-up.17e19

However, the technical challenge imposed in our

case was to reconstruct the long gap in the SFA

with a tiny GSV (diameter around 0.5 mm).

Although vein arterialization is a natural phenome-

non observed after peripheral bypass surgery, we

felt that using a <1-mm donor conduit with a 1:3

diameter mismatch compared with the recipient

vessel would have likely resulted in insufficient

anastomosis and disturbed flow hemodynamic

with the subsequent risk for early and late failure.

Given the necessity to promptly and completely

re-establish limb perfusion to allow for optimal

post-surgical results, we elected to use the ipsilateral

FV instead, which is a well-known material for

vascular reconstruction in the adult population

where it has beenmainly used for in situ reconstruc-

tion after removal of infected abdominal aortic



Volume 69, November 2020 Case reports 452.e9
grafts.20e22 Although it might be argued that har-

vesting the vein from the ipsilateral side could add

to the overall damage on the operated limb, it

must be noted that preparation of this vessel usually

involves a deep surgical trauma and entails a poten-

tial (although rare) risk for both acute and chronic

venous morbidity in the donor limb. For the above

reasons, the ipsilateral FV was used, with harvesting

distal to the site of injury and the vein itself was left

unreconstructed at this stage. It did not result in any

major venous morbidity of the limb, aside frommild

swelling initially, and we expect collateral venous

pathways to develop over time.

Vascular reconstructions in infants and neonates

are complicated by small, thin-walled vessels with a

tendency to spasm and this may lead to discouraging

outcomes after emergency revascularization. A few

previous cases have already demonstrated the appli-

cation of microvascular techniques for arterial

reconstruction in the pediatric population.23e25 In

that sense, some technical points must be properly

addressed to ensure satisfactory and durable out-

comes. Considering interrupted rather than running

suture is prudent to avoid narrowing of the anasto-

mosis with growth of the child. In addition, single

length autogenous vein should be implanted when-

ever feasible. Furthermore, pediatric vessels aggres-

sively narrow with surgical handling as a result of

significant transient vasospasm, and the addition

of papaverine to the saline housing the freshly har-

vested vein can help mitigate this phenomenon. In

the reported case, spasm was noted at the level of

both the proximal and distal arterial stumps, as

well as in the healthy segments closer to the trauma-

tized edges. However, no further spasm was evident

after interposition of the vein graft and completion

of the vascular reconstruction. Microsurgical instru-

ments are designed to minimize trauma at the site of

anastomosis; this may reduce the risk of thrombotic

complications following reconstruction. Vessel

damage can be prevented by avoiding strongmanip-

ulation of the vessel wall or endothelial surface

directly, and instead grasping the vessel using the

adventitial tissue surrounding the artery. However,

both the donor and the recipient vessel should be

carefully dissected at the site of anastomosis to

ensure that no adventitial tissue may be inadver-

tently incorporated into the anastomosis site, which

may act as a thrombogenic focus. Finally, despite the

lack of large prospective studies, local flushing of the

vessels with heparin before the microvascular anas-

tomoses is commonplace at many institutions26 and

currently adopted in our practice as it has been

shown to enhance patency of microvascular recon-

structions in experimental animal models.27
Compartment syndrome (CS) is a known and

feared complication after revascularization for

ALLI as it can have both limb-threatening and life-

threatening consequences. In the adult population,

patients often undergo prophylactic 4-compartment

fasciotomy at the time of revascularization to avoid

developing CS and its associated complications.

However, fasciotomy carries its own morbidity and

surgeons may opt against this initially, but the sub-

sequent development of CS would mandate fasciot-

omy in a delayed fashion. Evidence from the

literature on ALLI in adults suggest that, when fas-

ciotomy is not performed early, the subsequent

development of CS requiring delayed fasciotomy

may be associated with increased risk of major

amputation at 30 days.28 This could suggest that a

liberal approach to prophylactic fasciotomy at the

time of revascularization may improve limb salvage

rates and that early fasciotomy should be imple-

mented after surgical revascularization for lower ex-

tremity arterial injury.29 However, the literature on

this topic in the pediatric population is lacking and,

given the rarity of the pathology, decisions are to be

made on a case-by-case basis. In our case, we elected

to perform prophylactic fasciotomy at the time of

revascularization based on the assumption that the

intrinsic additional morbidity carried by the proced-

ure was lower than the expected benefits. Indeed,

the long ischemic time (6 hr) at completion of revas-

cularization in a patient with an already occurred

peripheral nervous injury made us feel that prophy-

lactic fasciotomy was justified.

Optimal antithrombotic therapy after lower limb

revascularization in the pediatric population is ill

defined. The duration of anticoagulation in pediatric

ALLI is subject to consensus guidelines rather than

prospective data. Current clinical practice guidelines

recommend a 5- to 7-day course of therapeutic anti-

coagulationwith unfractionated heparin or lowmo-

lecular weight heparin for neonates or childrenwith

acute femoral artery thrombosis (level of evidence:

2C).30 Aspirin remains the most common antiplate-

let agent used in pediatrics. The dose of aspirin for

optimal inhibition of platelet aggregation is not

known and empirical doses of 1e5 mg/kg/day

have been proposed by current clinical practice

guidelines (level of evidence: 2C).31 The relatively

low doses of aspirin used as antiplatelet therapy,

compared with the much higher doses used for

anti-inflammatory therapy, seem to seldom cause

adverse side effects. For instance, although aspirin

has been associated with Reye syndrome, this ap-

pears to be a dose-dependent effect of aspirin and

usually is associated with doses >40 mg/kg/

day.32e34 There are no guidelines, however, to
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inform on postoperativemedical therapy after surgi-

cal revascularization. As such, the expected benefits

of better patency should be weighed against the po-

tential risks of more bleeding (especially intracranial

hemorrhage) in this delicate population. In our case,

given the absence of any clinical and ultrasono-

graphic findings of venous thromboembolism or

technical defect of the surgical reconstruction, we

elected to withdraw all antithrombotic drugs after

1 month.
CONCLUSION

ALLI due to accidental arterial injury during ortho-

pedic surgical procedures for congenital defects in

newborns is a rare but potentially devastating

complication. Microsurgical salvage is a safe,

feasible, and effective option to restore limb flow.

Multidisciplinary expertise and meticulous tech-

nique are mandatory in order to achieve satisfactory

and durable outcomes.
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